Translation submitted by P. Curtis As shown in previous published studies (refs. [1] [2] [3] [4] [5] , the modification of phenol-formaldehyde oligomers (PFOs) with different multifunctional and reactive compounds makes it possible to produce modified PFOs with improved physicomechanical and service properties.
The present work is devoted to the modification of PFOs using unsaturated aliphatic epoxy-containing compounds I and II (see Table 1 ), obtained by the reaction of the corresponding unsaturated alcohols in epichlorohydrin by a known procedure (ref. 6) , as the modifiers.
The modification of PFOs with the given compounds was carried out in acidic (pH 1-3) and alkaline (pH 8-9) media by a known procedure (ref. 7) .
The synthesis of modified PFOs is carried out in a laboratory reactor. A calculated amount of phenol and formaldehyde is charged into the laboratory reactor, and at a temperature of 60˚C the reaction mass is mixed for 20 min. After this, the pH of the reaction mass is brought to a value of 1-3 using HCl (or 8-9 using NH 4 OH) and, by parts, the calculated amount of modifier. The temperature of the reaction mass during mixing is brought to 90-95˚C, and after a certain time the reaction mass becomes cloudy and is separated into two layers: an upper aqueous layer and a lower oligomeric layer. These two layers are separated, and the oligomeric mass obtained is washed with hot water until a neutral reaction and dried in a vacuum drier at 50˚C to constant weight.
The modified oligomers obtained were a product of liquid viscous consistency, soluble in acetone, tetrahydrofuran, dimethylformamide, dioxane, and an alcohol-benzene mixture.
PFOs were synthesised and investigated to obtain comparative data under identical conditions. The oligomers produced were studied using physicochemical methods for establishing the structure (Table 2 ). To determine the structure of the modified PFOs, IR and NMR spectroscopy procedures were also used.
IR spectra were taken on a two-beam Specord M 80 IR spectrophotometer between two KBr plates in the region from 400 to 4000 cm -1 , and also in KBr cells in a tetrahydrofuran solution.
In the IR spectra of the modified oligomer, as opposed to the unmodified PFO, there are additional absorption lines at 2240-2245 and 1620-1640 cm -1 which must be assigned to the absorption of -C≡C-and >C=C< bonds. It was noted that in the IR spectra there are no absorption bands (900-810, 840-750 cm -1 ) characteristic of epoxy groups, but 3300, 1250, and 1100 cm -1 absorption bands characteristic of the OH group are present.
The H NMR spectrum was taken on a BS-487 C Tesla spectrometer at a frequency of 80 MHz using hexamethyldisiloxane as the external standard (δ = 0.05 ppm). The specimens were prepared in the form of 20% solutions of unmodified and modified oligomer in deuteroacetone.
The integral intensities of the observed signals in the spectra were determined by averaging tenfold passage of the spectrum, and also by measuring the areas of the corresponding peaks. In the region δ = 6.5-7.0 ppm in the spectrum of unmodified oligomer, signals of protons of the aromatic ring are observed. The complex signal with a maximum at 3.75 ppm may indicate the presence of a fragment of the diphenylmethane type (Ar-CH 2 -Ar).
In the case of modification of the PFO with epoxycontaining compounds, the following groups of signals are observed. The complex multiplet with δ = 6.5-7.0 ppm relates to the signal of the aromatic ring that is characteristic of PFOs. In the same way as in unmodified oligomers, a signal is observed with a chemical shift δ = 4.3 ppm, relating to methylene groups of methylol with different types of substitution in the benzene ring. The presence of a hydroxyl group is also confirmed by the signal at δ = 4.3 ppm. The complex multiplet with a chemical shift δ = 2.2 ppm and δ = 3.5 ppm can be assigned to protons of the methylene group combined with the aromatic ring.
Signals with a chemical shift δ = 1.8-2.0 ppm relate to the CH 3 group of the acetone residue in deuterium acetone.
By structural-chemical, physicochemical, and spectral analysis it was demonstrated that the obtained phenolformaldehyde oligomers modified with epoxy-containing compounds are not mechanical mixtures of phenol, formaldehyde, and modifier.
On the basis of the above, the mechanism of formation of modified resol (1, 2) and novolak (3, 4) PFOs can be presented as shown opposite. To clarify the temperature region of the effective use of modified epoxy-containing compounds (I, II) synthesised by the present authors, a study was made of their thermo-oxidative degradation under conditions of dynamic thermogravimetry. From the curves of thermogravimetric analysis during thermo-oxidative degradation of these specimens it can be seen that they have a complex stepped nature.
The degradative processes occurring in this case nominally can be divided into three stages. The first stage of degradation begins at 110-200˚C, depending on the composition and structure of the specimen, and continues up to 250˚C.
The second, most intensive stage of degradation, in which specimen weight loss occurs, begins at a Here, the values of weight loss for uncured specimens at 110-250˚C are considerably higher than the corresponding values for cured oligomers, i.e. the relatively high values of weight loss in the former case are connected with the formation of low molecular weight curing products.
The temperature of the start of degradation of cured PFOs modified with epoxy-containing compounds (250˚C) is considerably higher than that for unmodified PFOs produced under similar conditions. Here, the weight losses in the first stage of thermo-oxidative degradation vary in the range 5, 18, 22, and 32 at 110, 200, 300, and 400˚C respectively. From 230-400˚C onwards, intensive formation of degradation products occurs, and the weight loss at 400˚C is considerably higher (32%) than at the first stage.
The rate of formation of degradation products in the third stage is lower than the rate in the second stage. The coke number at 483˚C amounts to 50% (T 1/2 = 483˚C).
The effective activation energies of thermo-oxidative degradation are determined from the relationship and by 
where R 1 → HC≡C-CH 2 -C≡C-CH 2 OCH 2 -(I) m + n = 3-7, and n = 2-4 OH (n+1)
where R 2 → CH 2 =CH-CH=CHC(CH 3 ) 2 O-CH 2 -(II) m + n = 3-7, and n = 2-4 the found values of activation energy for the third stage of degradation (99.4 kcal/mol). Thus, the different intensity of degradation and also the different values of weight loss and activation energy indicate the occurrence of degradative processes differing in chemistry in the second and third stages of thermo-oxidative degradation of these oligomers. The DTA curves during thermooxidative degradation of modified PFOs are consistent with thermogravimetric analysis data.
The curing rate increases as a result of opening of the epoxy group and the formation of additional -OH groups.
The modification of PFOs with epoxy-containing compounds (containing active epoxy groups) promotes acceleration of the polycondensation of phenol and formaldehyde and, in this context, the content of residual phenol in the composition of the reaction products of polycondensation is reduced by a factor of 4-5.
The use of modified phenol-formaldehyde oligomers with a low content of phenol and formaldehyde as the binder in anticorrosion composites of the oil and gas industry has shown that they reduce the degree of pollution of the environment by a factor of 4-5.
